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PROCUREMENT, COST OVERRUNS AND SEVERANCE:
A STUDY IN COMMITMENT AND RENEGOTIATION¥*

by

Jean Tirole¥*¥*

ke Introduction

Procurement is widely used by government agencies and private
firms to perform their research, development and production projects.

o some extent procurement can be considered a rule as even in-house
projects involve a decentralization of responsibility to a research or a
production department. The purpose of this paper is to analyze deci-
sion-theoretic and incentive aspects of procurement procedures.

The first fundamental feature of R&D and risky production projects
is the sequential nature of information, tasks and decisions. Over time
information is obtained about the cost and the value of a project (where
the value can reflect demand conditions or the development of substi-
tutes). Accordingly optimal decisions about investment, implementation
or severance (or more generally the level of activity) are contingent on
the current state of knowledge. A vast Operations Research literature

has developed in the late fifties and early sixties on the

*¥This work was supported in part by Office of Naval Research Grant ONR-
NOOO14-79-C-0685 at the Institute for Mathematical Studies in the Social
Sciences, Stanford University, and in part by the Commissariat au Plan
(French Planning board) contract on Government contracts at C.E.R.A.S.
The author is grateful to Ken Arrow, David Besanko, Vince Crawford,
Oliver Hart,Eric Maskin and Bob Wilson for helpful discussions and
comments. After this work was completed, the author was informed of the
earlier work by Pratt and Zeckhauser [1982], who also generalize the
d'Aspremont-Gerard Varet result to dynamics. Proposition 4 (implementation
of the first best under commitment) can be regarded as a special case of
their result.

*#¥*Massachusetts Institute of Technology.



decision-theoretic aspects of sequential projects.l/ More recently
this literature has been revived by more economically oriented papersﬁg/

The second fundamental aspect is that the project usually is not
carried out by the sponsor, as suggested by the word "procurement."” In
a first approximation the situation can be described as a traditional
principal-agent relationshiprz/ The departure from a single decision-
maker analysis is justified by the asymmetry of information between the
two parties. Typically the sponsor has more information about the value
of the project while the R&D or production unit has superior information
about the cost and/or the investment it makes in the relationship.

This paper aims at integrating these two aspects and literatures.
It departs from the traditional principal-agent tradition in that the
sequential nature of information and decision implies an exchange of
information and joint-decision making at each stage of the process. It
differs from the decision-theoretic models because it recognizes that
asymmetric information raises the possibility of "opportunism." The
achievements of this paper are very modest compared with its goal;
accordingly this work can only be considered as a first step toward more
general and more sophisticated models.

The basic model (Section 2) is that of a firm engaged in an R&D
process. This firm aims at reducing the cost of manufacturing a given
good and to produce it at an optimal date, if it produces it at all.
Over time information accrues about the value of the project and the
cost of its final implementation. At the beginning of each period,
three options are available: 1) stop the project; 2) implement the
project, i.e., produce at the current cost estimate; 3) do some more

R&D. If the third option is picked, the firm invests in R&D activity.



It then obtains a new cost estimate. Meanwhile the sponsor also gets

more information about the value of the project. At the beginning of

the following period the same three options are available; and so on.
Section 3 characterizes the optimal decison-theoretic procesé ("first-
best policy"), i.e., the solution that would obtain under symmetric
information.

Section I considers a two-party relationship (sponsor/firum) and
states the informational restrictions that are assumed in (most of) the
rest of the paper. It is argued that these assumptions may be satisfied
in a number of interesting R&D procurement situations.

Section 5 studies the ideal case in which both the sponsor and the
firm are able to commit theuselves to given information exchange,
decision-making and transfer procedures. There it is shown that, in
spite of bilateral asymmetric information and moral hazard, if the
parties are risk neutral, the first best policy is implementable by a
suitably chosen sequential mechanism. The latter generalizes the Arxow
[1979] -d'Aspremont-Gerard Varet [1979]-Groves-type mechanism to dynamic
situations. In particular the effect of current exchanges of informa-
tion on future ones is corrected in order for the parties to reveal
their information truthfully.

However full commitment is fairly unlikely, as argued in Section 6
which states the main reasons (bankruptcy, cancellation, design changes,
tyansaction costs). As commitment is restricted in most procurement
situations, one must consider the issue of sequential renegotiation.

Renegotiation is generally characterized by the presence of ex-post



individual rationality constraints, which affect the set of possible
allocations. Section 7 uses a two-period version of the general model
to study this issue. It is assumed that the sponsor and the firm
bargain over implementation and transfer in the second period. It is
shown that, if the sponsor cannot observe specific investment, in the
absence of commitment the firm invests too little in the relationship.
This result tends to confirm Williamson's [1975] ideas about opportunisnm
and suboptimal investment in specific assets. Section T also shows that
if the sponsor could observe specific investment, the latter would tend
to exceed that under unobservability, and could even exceed its first
best level.

Section 8 considers the role of cancellation fees in renegotiation
situations. These have been long advocated by the Department of Defense
in the U.S. for military procurementyﬁj Formally cancellation fees can
be seen as reintroducing some commitment from the sponsor's point of
view; also they are very similar to Williamson's [1983] nostages. It is
shown that cancellation fees can well decrease the firm's investment in
the relationship, contrary to what is usually argued.

Lastly Section 9 offers a few thoughts about the so-called "cost
overruns" while Section 10 discusses related work.

The examples given to motivate the set-up (in particular the
informational assumptions and the degree of commitment) are mostly taken
from military procurement situations, on which there is abundant evi-
dence. A number of features are certainly also relevant to other pro-

curement procedures.



20 The Model

The sponsor wants to develop a new product. Time is discrete:
t=1,...,T. At time t, ¢y denotes the expected cost of implementing
the project. In other words if production starts at time +t, the expec-
ted total cost of production discounted at t 1is ct > 0. One can
envision the production of a fixed number of units of the product. The
model could easily be generalized to include the choice of a production
level. Let vy denote the expected (monetary) value of the project
discounted at t. As suggested by the notation, I will assume that
risk-neutrality holds (except in Section 8).

At time t, ¢y and v, are known. Three options are then avail-

able:

(S) stop the project
(I) implement, i.e., produce

(R) continue R&D.

If S (respectively I) is chosen, the gain (gross of sunk costs)
is zero (respectively (vi = c¢d).
If R is chosen, some R&D investment (effort) level e, >e>0

is picked (at cost et). e can be interpreted as a fixed cost of

investment.éj Next period's expected cost becomes

Ciap = Cpap(Cpoeys8y) s

where et is some exogenous random variable with continuous distribu-

tion on [0,1]. The random variable is independent of history up to
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time t. Tor notational simplicity I will often suppress it and simply

write

(c

c =

g = MG e) -

t,
The sponsor also learns about the value of the project between

t and (t+l1), i.e.,

Vel Ve gong) s

where ny is some exogenous random variable with continuous distribu-
tion on [0,1]. n, is independent of history up to time +t and of
Gt. Similarly I will sometimes use the notation:

Veur = Ve (vg) -

Let ve(0,1) denote the discount factor. The initial levels of
expected value and costs are v; and c¢q. The object of the problem is

to define a sequential decision rule Gt(vt,ct)e{S,I,R} and a condi-

tional investment program et(vt,ct) so as to maximize
4 t
W.o(v,,e.) =E[ ) v’ ((v, = ¢)1 - e, 1
AR 2] £=1 t t {It} t {Rt}

where I, denotes the event {Gl(vl,cl) Eipes = st—l(vt—l’ct—l) = R and
Gt(vt,ct) = I}, R, denotes the event {Gl(vl,cl) “ I Gt(vt’ct) = R}
and 1 denotes the characteristic function. The expectation is taken with

respect to the relevant random variables.



Let us now state the assumptions:
Assumption 1: Ct+l and Vt+1 are continuously differentiable .

+
Assumption 2: __5_'911_ < 0 and Zéigx E e Lo .
t B
aC v
+ +1
Assumption 3: 0 < trl <1l and O < ki <1 .
ac v
t t
aC v
+ +1
Assumption b: i >0 , v >0 .
aet Bnt

Assumption 2 says that investment reduces the production cost.
Furthermore the marginal productivity of investment is infinite at the
minimwun level of investment., This is just to wake sure that an interior
solution prevails if R is chosen.

Assumption 3 first says that costs and values are positively
correlated over time. A high cost today is likely to lead to a high
cost tomorrow; and similarly for the values. The second part of Assump-
tion P—-—that cost and value estimates at (t+1) do not increase faster
than their estimates at t—-deserves more justification. The assumption

aC
+
az L] < 1 says that for a given investment level cost reduction is more

i 3V
intense at higher costs than at lower costs. The assumption at+¥ < 1
t
is natural as Bayesian updating usually gives a sensitivity to the

earlier estimate smaller than one.éy
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3t Characterization of the First Best Policy

In this Section I assume that the sponsor and the firm have iden-
tical information (vt,ct) at each date t and that the sponsor
observes the firm's investment. They will be formalized as a single
decision-maker.

At time t, the decision-maker ma%imizes the expected present

discounted value of "profits" (gross of sunk costs) Wt(vt,ct). W

satisfies the following recursive equation

= . Conl Bl ol

(3.1) Wt(vt,ct) = max {O, Y = B.5 Wt(vt,ct)}
where

R -
(3.2) Wt(vt,ct) = Za:e {Zt(vt,ct,e )}

L

and

R o
(3.3) Z(viacpse ) = = e + By, ( t+1(v ) Ct+l(ct,et))) :

The three terms in the right-hand-side of (3.1) correspond to the three

possible choices {S; I; R}. Wﬁ is the value when decision R is

chosen, The boundary condition is

(3.%) W (v ) = max {0; v, - cT} 3

2%y P

I now make an assumption that ensures the existence of a unique

optimal level of investment if decision R is picked:



Assumption 5: For all  (t, Ve ) E(Vt Cyo ) is strictly

quasi-concave in eg.

I now give properties of the first best policy which will be used
in subsequent proofs. The proofs of propositions 1 to 3 are given in

%
e.} denote the optimal policy. Under Assumptions

#*
Appendix I, Let {6t, N

1 through 5 we have:

*
Proposition 1: If Gt(v,c) =8, v ¢« v and c' > ¢, then

%
St(v',c') =

*
Proposition 2: If Gt(v,c) =I, v' > v and c' < ¢, then

%
6t(v',c') =T,

*
Proposition 3: The level oi investment e, 8rows with the

current valiue vt q

Propositions 1 and 2 are fairly intuitive: 1if the decisioﬁ—maker
decides to cancel the project (Gt(vt t) © 8) for some levels of cost
and value, it will do so a fortiori if the cost increases and the value
decreases. And conversely for implementation. These two propositions
imply that Gt can typically be represented by Figure 1.

Proposition 3, which is relevant only if 6 (v ,ct) = R, says that
a higher current estimate of the value of the project induces a higher
investment. The intuition behind it is that a high current value

increases the probability of future implementation, and hence increases

the profitability of current investment.
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4.  Informational Assumptions

I now describe the sponsor and the firm as two separate parties

having private information and acting strategically. I will assume

that:

Figure 1

(There are at most three regions in the {vt,ct} plane. Depending on

the technology, some of these regions may not exist).

Assumption 6: The sponsor and the firm have the same information

(vl,c ) at the start. All probability distributions are common knowl-

1
edge.

Assumption T: The sponsor observes V¢, but not cg and eg

(except for c¢;). Neither does it observe the (ex-post) realization of
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the cost in case of implementation. The firm observes ¢y and chooses

€ but does not obhserve Vi (except for vl).

Assumption 6 first states that the two parties start with symme-
tric information. This assumption rules out adverse selection at the
initial (contracting) date. This is not to say that adverse selection
problems in procurement are not important; they certainly are (see,
e.g., Scherer [1964], p. 2?7). There is an extensive literature on
procurement under adverse selection about the firmylj However when the
sponsor has private information as well, as 1is the case here, matters
become intricate because the mechanism is "designed by an informed
prin ipal" (Myerson [1983], Crawford [1983a]). Ruling out initial
adverse selection avoids such intricacies without much loss as I want to
focus on the dynamic aspects of procurement.

The assumption that all probability distributions are common
knowledge is very strong, but is hard to do without. A more satisfac-
tory approach would be to use dominant strategy mechanisms. These
however are difficult to characterize; furthermore the class of dominant
strategy mechanisms is likely to be small so that choosing a contract in
that class may entail a high welfare loss.

Let us now discuss Assumption T. First I assume that the sponsor
observes the expected value of the project, but that the firm does
not. This is a natural assumption as the sponsor usually is or works
for the final user. The firm in general lacks information about value.
One reason is that the value can be subjective. Also even if it somehow

is objective, the sponsor is usually endowed with superior information.
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For example the Department of Defense may know better than a contracting
firm about the efficiency of a weapons system in front of other strate-
gic forces or about the state of the latter. Furthermore it may have
better information about the possibility of substitution by systems
developed by other firmsmgf

Second the investment levels, the production cost estimates, and
realization (in case of implementation) are observed only by the firm.
This assumption is usually made in the literature on static procurement
(the use of a total cost observation as an ex-post monitoring device in
such a static context is examined in Baron-Besanko [1983b] and lLaffont-
Tirole [1984]). Of course c, and ey can denote the part of the
costs that cannot be observed by the sponsor if another part is observ-
able. In an R&D procurement context there are several reasons why real
costs may not be observable. As a piece of evidence let us gather the
following observations made by Peck and Scherer [1962] in their exten-
sive study of military procurement; these observations show that
attempts at establishing the real cost of the firm may be considerably
blurred by moral hazard and adverse selection problems.

a. )Moral hazard: the firm can manipulate costs both at the
accounting and the real levels. Costs associated with another activity
of the firm may be written up in the project. The firm can also change
the real costs by i)shifting good engineers, or more generally
priorities, from one project to another ii) using inexperienced in-house

groups instead of a subcontractor in order to diversify in a new field
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(p. 389) iii) not organizing work effectively, nor recruiting good
personnel, etc...

Adverse selection: the sponsor usually does not know the firm's
opportunity cost.gf This remark is particularly relevant as
"indercapacity operation is quite common in the rapidly changing defense
industry" (Sherer (1964), p.183).}9/

To counter these informational problems, the sponsor must audit.
Unfortunately, auditing by government agencies is usually poor
(p.417). 1Indeed, even a highly competant accountant is unable to make

judgements requiring a "sound understanding of the technology involved".

50 Incentives Under Full Commitment

In this section I study the extreme case in which both the sponsor
and the firm are able to commit themselves to an intertemporal contract.
I consider a sequential revelation game in which at each period the
sponsor announces its expected value of the project and the firm its

~

current cost estimate. Let ;t and ct denote the announcements at
date t. These are made simultaneously. Let (vt,ct) denote the

sequence of announcements up to time t (period t announcements are

included).

Contracts: A binding contract specifies in period 1 for all t
- a decision rule at(;t,;t), which takes values in
{58, I, R}.
- an (unconditional) monetary transfer from the sponsor to

the firm xt(vt,c e
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Viewing the value of the project as a monetary one, I make the

following assumptions:

Assumption 8: The sponsor and the firm are risk neutral.

Assumption 9: Both the sponsor and the firm abide by the contract

once it is signed.
Assumption 9 is made in this section only.

Strategies: A strategy for the sponsor is a sequence of announce-

ments that are measurable with respect to its information:

~ (“t—l “t-1 )
v v (] Vi .

A strategy for the firm is a sequence of announcements and invest-
ment levels (the latter conditional on Gt = R) that are measurable

with respect to its information:

~ (At-l ~t-1
v T,c

ot 11/
o, )

,¢,) and et(v I

t

A A

Payoffs: Given strategies {vt’ct’et}t=2,...,T’

the sponsor's

payoff is:

T
= t
0 (vyscy) = E(tély (-xtl{Rt_l} + vl ))

X
where the notation is the same as in Section 2. Similarly the firm's

payoff is:

T

8, (v ,c ) = E(
114 télY

Yix, 1 oL 2

e (R, ) T ctl{It} - etl{Rt}
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Note that in these definitions Vi and Cy denote the true value and
cost at time t. Also w.l.o.g. the time-t transfer can be made contin-

gent on not having been stopped or implemented by time (t - 1).

Beliefs: Fach party's expected payoff at any moment of time
depends on the beliefs it has about the other party's information.
Clearly it can gain some information by observing the other party's

announcements. I will denote by vt(clvt—l,ct-l)

the sponsor's poster-—
jor probability distribution about the firm's cost at t given the
common knowledge information at the end of period (t - 1). Similarly

let ut(vlvt-l,ct_l)

denote the firm's posterior probability distridbu-
tion esbout the sponsor's value at t given the common knowledge infor-
mation at the end of period (t - 1).

The two parties play a game the rules of which are defined by the

binding contract. Let us now make a behavioral assumption:

Equilibrium: For a given binding contract, a perfect Bayesian

equilibrium is a set of strategies and bheliefs

{visegte=a, ...t

{v } such that
£ ¥¢lt=2,...,T

(a) at any date t and for any history at time +t, each

party's strategy is optimal given its beliefs;

(b) at each date t, each party's beliefs are derived from the
other party's strategy and observed actions using Bayes

rule.
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Tor more details about such a behavioral assumption, see Kreps-
Wilson [1982].
The main result of this section states that under full commitment

the first best solution characterized in Section 3 can be achieved:

Proposition LU: Under Assumptions 1 through 9, there exists a

binding contract that implements the first best in perfect Bayesian

stratcgies.

Proof: See Appendix II. Let us briefly and informally describe

how such a contract can be designed.

In equilibrium the parties at each instant and for any history are

induced to tell the truth: Ve T Vg and Cp = Gy Furthermore if
Gt = R, the firm's investment is first best optimal relative to the
sponsor announced value and the firm's true cost: e = e%(vt,ct)

k= e%(vt,ct) on the equilibrium path). Truth-telling has two conse-

2ty

quences. First the decision rule must be Gt(vt,c = ¢*(v_,c,) in

t Lt
order to obtain the first-best outcome. Second, at any date and on the
equilibrium path each party has full knowledge about the other party's
previous period private information. The equilibrium beliefs v and
ne .are thus the true conditional beliefs at time (t - 1).

The crux of the matter consists in defining transfers (xi) such
that both parties are induced to tell the truth. It has been shown by
d'Aspremont-Gerard Varet [1979] that in a static framework it is

possible to obtain truthful revelation by means of Groves-type mechan-

isms, i.e., mechanisms such that each party ends up facing the expected



e

social consequence of its choice. 1In a static framework, where only a
decision between S and I is at stake (like at period T of my
model), the natural tendency for both parties is to overstate their
valuation and cost: the sponsor enjoys implementation, and the firm

bears its cost. To counterbalance these incentives to "lie upwards,"
the transfer must increase with the announced valuation and decrease

with the announced cost.

The proof of Proposition 5 provides a generalization of the
d'Aspremont~Gerard Varet result to dynamic stivations (with an R
region). Note first that operating d'Aspremont-Gerard Varet transfers
at each instant requires updated probability distributions about the
parties' private information. Therefore transfers must depend not only

on the current announcements (vt,ct), but also on previous periods'

(Gt-1 b1y

announceuents It turns out that, due to the Markov prop-

erty of the model and to the fact that at time (t - 1) the two parties

A

and c = ), one can recover

have told the truth (vt—l = Vt—l £l Ct—l

the true probability distributions before period t's announcement

simply by looking one period back,lg/ Second when choosing an announce-

-

ment at date +t, the firm takes account how its announcement ct

affects date t's decision (& and transfer (xt) (as in d'Aspre-

»

mont-Gerard Varet), but also date-(t + 1) transfer and belief (xt+l

and vt+]). And similarly for the sponsor, who also takes into account

~

the effect of v on ey (if ﬁt = R): a higher v signals a higher

t t

probability of future agreement and therefore encourages the firm to

invest more in the relationship. The contract must account for the fact
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that the parties take a dynamic perspective, i.e., that they want to
hide their information at date t ‘to be in a better position at date
(t +1).

Lastly it is possible to show that, if Gt = R, the firm picks the
optimal level of investment. Since the firm bears the final cost of
production and there is the right amounf of implementation, the firm
takes the optimal investment decision unless the change in cost indi-
rectly improves its position at the revelation stage. But it already
has no interest in lying; hence by the envelope theorem, it has no
incentive to distort the cost structure just to be in a more favorable
negotiating position. Another way to see this is to remember that the
firm ends up facing the social consequence of its actions, including

investment.

Remark 1: The contract can always choose the first-period trans-

fer so as to give the firm a zero expected intertemporal profit.

Remark 2: If the sponsor could invest at each time t in infor-
mation acquisition that reduces the variance of the estimate of the
value of the project, it still would be possible to construct a binding

contract so as to implement the first best.

6. Commitment vs. Non-Commitment

Section 5 assumed that the two parties could bind themselves at
the start. This is a very strong assumption. There are two main
reasons why such a commitment--which is desirable--may not exist:

transaction costs and sequental individual rationality constraints. The
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analysis here remains very informal as it refers to considerations
outside the scope of the model.

(1) A number of contracts are signed in a rush to get the
research going (see Peck-Scherer [1962], page 41T for evidence). Com-
plete intertemporal contracts take too much time or are too costly to
negotiate. Many bargainers prefer to rély on future renegotiation.
This is particularly true for risky R&D projects, where design changes
are the rule rather than the exception. The possibilities for design
changes are vast and often unforseeable, And a small change in the
design partly invalidates the initial contractrlgj

(2) The firm may go bankrupt if at some point of time the pros-—
pects associlated with the project become bleak. OSimilary the sponsor
may go bankrupt if it is a private firm, or cancel the project if it is
a government agency (Congress).

This obviously is a fairly incomplete discussion of why commitment
is very incomplete in real-world procurement situations (sce also

Freixas-Guesnerie-Tirole [1982]). This topic deserves further study.

T. Renegotiation and Investment in the Relationship

I now assume that the firm and the sponsor bargain after obtaining

information. To this purpose I take a simple two-period version of the
general model (T = 2)., At date 1 the firm invests ey (the sponsor

does not observe el). At the beginning of period 2 the two parties

~

obtain their private information (v2 = V2 and s = Cg(el)). They

then meet to decide whether to implement or to cancel; by assumption no



=20~

information or cost reduction can be obtained anymore and hence the
research option is ruled out in the second period.

Since the parties are not constrained by a binding contract, they
bargain over the outcome. A potential problem is how to describe the
second-~period bargaining process. There are many extensive forms that
can be used, and it is hard to know which one is most plausible. I
avoid committing myself to a particular form of bargaining by making a
simple assumption that is satisfied by the bargaining schemes that have
been studied in the literature.

Let &.(c,.) denote the expected payoff of the firm in the second

2o
period. The sunk investment cost e does not enter 52; but the pro-

duction cost ¢, does in case of implementation. Note also that 52

14/

is an expectation over v,, and depends on the bargaining process.—
Let us give an example of a bargaining process that will be devel-

oped in the next section: the firm makes a take-it-or-leave-it offer

*
p*. Of course p* depends on c¢,5i P (c2). The sponsor accepts the
¥ =
offer if and only if p (c2) < Vo For this bargaining process @2 can

be written:
52(c2) = (p*(c2) - c2)Pr{v2 > p*(c2)} .

Let us now make Assumption 9', which replaces Assumption 9 from

now on:

Assumption 9': For almost all cop, 52(c2) is differentiable and

ld5§202)l

| 2 |

< Pr{v2 > c2}
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Assumption 9' says that the firm's second period expected profit
does not decrease faster than the expected cost of implementation in the
first best. To give an example, take the case of the firm's making a

take-it-or—leave-it offer. By the envelope theorem

dd ¥% *

2 = K )} As clearl (c,) > ¢ one has
dc2 Pr{v2 > D cylte y P 5 59

as,

EC—; < PI{VQ ? 02} .

Assumption 9' actually is a very general property associated with
perfect Bayesian equilibria of bargaining games. It is satisfied by:

(a) Most bargaining processes consisting of a sequence of offers
and counteroffers. Examples include the firm's or the sponsor's making
a take-it-or-leave-it offer, as well as the bargaining schemes consid-
ered in Cramton [1983, 1984], Fudenberg-Tirole [1983], Fudenberg-Levine~
Tirole [1984), Rubinstein [1983] and Sobel-Takahashi [1983].

(b) The Chatterjee~Samuelson [1983] simultaneous offer schene,
that implements (in the uniform case) the optimal mechanism with indi-
vidual rationality constraints described in Myerson-Satterthwaite
[1983]; and Moore [1983]'s bilateral asymmetric information game.

In these games Assumption 9' is closely related to the firm's
incentive compatibility constraint associated with equilibrium strate-
gies. The envelope theorem shows that the derivative of 52 with

respect to c¢p is equal to (minus) the probability of implementation

(possibly with a discount factor if bargaining is sequential). As
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implementation is in general suboptimal (i.e., there is less agreement

than in the first best);lif Assumption 9' follows.

Remark: Assumption 9' can also easily be generalized to procure-
ment situations in which there is a choice of scale (e.g., Baron-Myerson
[1982]).

Let El denote the equilibrium investment.

Proposition 5: Under Assumptions 1, 8, and 9', the firm invests

ol *

*
too little in the relationship: ey < el, where e1 is the first best

level.
Proof: In the first period, the firm maximizes:

max [~ e, + YE(5,(Chle))} -

X
1

The first-order condition is

ds,, aC
2 2
-1+ yE(x—77) =0
dc2 Bel
using Assumption 9°
L 802
- 1 + yE(Pr{v, > Cyle;)} —ae—l) >0
or
(302 )
-1+ yE{—1 - > 0
de {v2>02(e1)}
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Lastly using Assumption 5 shows that ey < e -

Indeed if the bargaining process is inefficient (the level of implemen-—
tation is strictly suboptimal), the firm invests strictly too little in
the relationship. This is the case in the bargaining processes men-

tioned above. Q.E.D.

The intuition behind Proposition 5 is as simple as the proof. If
bargaining reduces the probabdility of implementation relative to commit-
ment, the acquisition of cost-reducing technology is not as valuable as
in the first best, and the firm underinvests. This is not a new idea.
It simply formalizes the theory according to which ex-post bilateral
moﬁopoly reduces investment in a long-run relationship (Williamson
[1975], Klein-Crawford-Alchian [1978]).

Proposition 5 is complementary to a result in Laffont-Tirole
{198L4]. There it is shown in a commitment context that if the firm's
total cost (investment plus production) is observable and there is
adverse selection at the start as well as moral hazard at the production
stage, the firm underinvests in the relationship; in other words the
firm's technological choice is biased against reduciné production costs,.

Let us now assess the effect of the non-observability of invest-

ment. To this purpose assume that e; is observed by the sponsor and

therefore can be jointly determined. Do the parties agree on a higher
or lower level of investment than the one (51) the firm chooses when
its investment is not observable by the sponsor? I stick to my assump-

tion that various transaction costs (design changes) and individual




e} O

rationality constraints preclude the use of full commitment and require
renegotiation: when signing a contract, thé two parties can only agree
on the level of investment and its financing.

A rough analysis of the comparison goes like this: when the firm

picks its investment level El’

it does not take into account the bar-
gaining externality on the sponsor (only for the optimal commitment
mechanism built in Section 5 does it fully internalize the true social
value of its investment decision). Increasing the investment reduces
the cost and in general makes the firm softer in the bargaining process.
So the sponsor benefits from an increase in investment. And Joint
determination of the investment level, when observable, ought to result
in more investment. The real story however is a bit more complicated
than this. Moving from non~observability to observability, one also
changes the information structure in the bargaining process. The
sponsor's beliefs about the firm's cost distribution change; so does the
bargaining outcome for given value and cost levels.

Before making an assumption that allows comparison, let us give
some more notation. Let 52(c2,e1) denote the firm's second period
expected profit in the bargaining process when it has cost c¢, and the
sponsor believes the firm has invested e;. Similarly ?2(c2,el)
denotes the sponsor's expected profit (over all its potential values)
when the firm has cost c¢p and the sponsor believes investment e, has
been made. For simplicity we restrict ourselves to bargaining schemes
that do not involve delay in agreement, if any, or bargaining costs (one

party's meking an offer is an example of such a bargaining scheme). We
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will say that there is "more agreement (implementation)" when "the set

of values and costs such that agreement is reached becomes larger."

Assumption 10: i) The sponsor prefers low costs:

c, <ey ¢2(02,e1) > ¢2(c2,e1) .

ii) There is at least as much agreement when the
investment the sponsor believes the firm has made increases (keeping the

firm's real cost distribution constant).

Let us give an example of bargaining processes that satisfy
Assumption 10:

Example: The firm makes a take-it-or-leave-it offer: Assumption
10ii is trivially satisfied, as the firm's optimal offer, for a given
cost level, depends only on the distribution of the government's
value. So there is the same amount of agreement. Assumption 10 i--(on
average) the sponsor prefers the firm's cost to be low--results from the

fact that the firm's offer is an increasing function of its cost.

Proposition 6: Under Assumption 10, 21 > 61, where 51 denotes

the (mutually agreed upon) investment level under investiment observabil-

ity.

Proof: Assume 61 > 21. From the definitions of e, and ey, We

1

have:

(7.1) B(rB,(C,(5,),8,)} - &, > By3,(C,(5,),5,)) - &,
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il

E(v3,(C,(5,),8,) + v8,(C,(5,),8, )} -
(7.2) 2 21 1 221 1 1

> BUyB,(C,(5,),8,) + v8,(C,(5,),8,)) - &,

(7.1) takes into account the fact that under non-observability,
the firm can influence its cost distribution, but not the sponsor's
beliefs about it (which are derived from the equilibrium investment
51). (7.2) corresponds to optimal investment under investment observ-
ability.

Adding (7.1) and (7.2) and using Assumption 10i gives:

E{3,(C (e ),ey) + 8,(Cy(e;),e,)}
(7.3)
> B{®,(C,(e,),e,) + 0,(Cy(e,),e,)}
Note that in (7.3) the only difference between the LHS and the RHS is
the sponsor's beliefs about the firm's investment. Also

By(ey5e) *+ 8y(eye) = B ((v, = e 40y

2 2releg )=y

where 1{6(v is equal to one when there is agreement and to

2,02Ie1)=1}
zero in case of disagreement. Assumption 10ii can be written:

6(V2,c2|e1) =71 > 6(v2,02|e1) =i .
This contradicts (7.3). Q.E.D

While assumption 10 i) is likely to be satisfied in most cases, it

is easy to build examples in which assumption 10 ii) is violated and
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proposition 6) does not hold;lé/ the observability of investment may

reduce its level.

A last comparison we may want to make is that between the second-
best investment under observability (21) and the first-best investment
*
(e1). It turns out that this comparison is ambiguous. It is not hard

= *
to find examples for which e, < e because implementation is usually

suboptimal for bargaining outcomes. Maybe more surprising is the fact

= *
that e, can exceed e To show this consider the following simple

example:

The sponsor's value can be either v, or 32 (32 < 52) with

equal probabilities. The investment technology is deterministic. There

are two levels of cost ¢, < E% (< Vs < 52). The investment cost for

92(c2) is e1(f1): e, > f;. Assume that

1
(7.4) vy =gy > 5 (v, - c,)
(7.5) %-(32 - 52) > v, - 52
(7.6) ey * ¢y = f1 + 52 + g

where € > 0 is "sma1l".\7/ (7.6) implies that the first-best invest-
ment is eT = f1. Assume that the firm makes a take-it-or-leave-it
offer. From (7.4), it makes offer v, if its cost is ¢,, so there is
the optimal level of implementation. If its cost is 52, it makes
offer 52 (from (7.5)), and there is suboptimal implementation. To

determine 31, we have to compare social welfare for the two possible

investments:
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o ags =
Investment ey: 3 (v2 + 32) g (22 + e1) = A
Investment f4: 1-5 - (1-5 +f )=B .
1= 2 72 2 2 1
v v, - ¢
L o= )
Clearly A~ 3B =5 - (92 + e1) + (5 c, * f1) = B wpd O

So the second-best investment under observability may exceed the first
best level. The point is that it may be worth forcing the firm to

overinvest in order to "soften" its behavior in the bargaining process,

and confer positive externalities on the sponsor.

8. The Role of Cancellation Fees

Cancellation fees have been advocated in the literature as a way
to reintroduce some commitment in relationships that are otherwise
governed by sequential remnegotiation. The party that commits itself to
paying a fee if it "cancels" the project to some extent internalizes the
cost it inflicts on the other partyhléf The U.S. Department of Defense
has been pushing cancellation fees for some time as a way to reduce
procurement costs. Its main argument is that the contractors have more
incentive to invest in cost-reducing technology if they know that the
government (Congress) is less tempted to act opportunistically once the
investment is made (Thaler-Ugoff [1982]). Similarly Williamson [1983]
has argued that "hostages" help solving the ex-post bilateral monopoly
problem (for a brief account of the argument and of the difference with

the one presented here, see Section 10 on related work).
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Cancellation fees and hostages are popular because they are easily
enforceable clauses: termination of a project can be obgserved by a
third party. On the other hand it is very hard to know who is really
responsible for the cancellation. The party that cancels may have been
forced to do so by excessive demands from the other party. The very
reasons that make long-run contracting impossible in general also work
against a fair splitting of responsibility between the two parties by a
third party. This is the clue as to why cancellation fees may not be as
attractive as they look. Indeed the purpose of this section is to show
that the Department of Defense view is not correct in general as it
misses a crucial element: a cancellation fee influences the bargaining
process by increasing the firm's power. Hence it is not clear that it
helps reduce the bias toward a low level of implementation emphasized in
the previous section.

Consider the two-period model used in Section 7. Assume that the
investment ey is not observed by the sponsor; and that a cancellation
fee X has to be paid by the sponsor to the firm in case of non-imple-
mentation. I will assume that K > O. Performance bond requirements,
i.e., bonds that are posted by the firm and are given up in case of non-
delivery, can be formalized as negative cancellation fees. Contrary to
cancellation fees such bonds are rarely observed (see Scherer [1964]).

Assume first that the two parties have linear utility functions,
as has been assumed up to now. The sponsor (firm) bargains with
fictitious value (v2 + K) (cost (c2 + K)). TFor a large class of

bargaining schemes, this bargaining is equivalent to that between a
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sponsor with value v, and a firm with cost c¢, over a fictitious
price q = p - K. The probability of agreement (implementation) is the
game as for X = O; and hence the incentive to reduce cost is the same
without cancellation fee. In other words the cancellation fee has a

redistributive effect (it increases the firm's income by K in all

states of nature), but no allocative effect. I don't develop this point

further as it will result from the analysis of a special case in the two
examples below.

I now want to show that a cancellation fee can even decrease
investment. To this purpose a) I assume that the parties are risk-
averseg b) I consider two very special second period bargaining proces-
ses. One gives a lot of power to the firm and the other to the sponsor.
In the former (the latter), the firm (sponsor) makes a second-period
offer that the sponsor (firm) must take or leave. In both cases it is
shown that investment can decrease with the cancellation fee.

Example 1: Firm makes a take-it-or-leave-it offer

Let us assume that the firm has utility function {U1(-e1) +
yU2(p - 02)} if investment ey 1is made in the first period and
agreement is reached at price p in the second period. For simplicity
I assume that the firm knows the exact implementation cost c, at the
beginning of the second period. If disagreement occurs, the firm's
utility is {U1(- e1) + yUZ(K)} where K 1is the cancellation fee.

U1 and U2 are concave. Let G(v2) denote the cumulative distribu-
tion of the sponsor's value in period 2 (with density &(v,)). Again

for simplicity I assume that the sponsor knows the value of the project
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with certainty at the beginning of the second period.
If the firm makes an offer p, the sponsor accepts the offer if
and only if Vo = P > - K. Therefore, in the second period, the firm

maximizes:
m%x {(1 - c(p - K))U2(p - 02) + G(p - K)U2(K)}

Letting q £ p - K and optimizing over q gives the first-order condi-

tion:
(7.7) - g(a) (Uy(a + K = c,) = U,(K)) + (1 - G(e))U(q + K - c,) =0

I will assume that the second order condition is satisfied; a sufficient

condition for this is that the density g 1s non-decreasing. Let

* * *
q (cQ,K) denote the optimum and let p (02,K) q (c2,K) + K.

*
or p > c, * K.

*
(7.7) implies that q > ¢ 5

2

" .
Notice that if U, is linear, q (CZ’K) does not depend on K.
Neither does the probability of implementation given ¢, which is
*
1 -6 (g (e)).
Let us now assume that U, 1is strictly concave. Differentiating
the first-order condition and using the first- and second-order condi-

tions gives:

*
* L A ) -
3q UZ(K) U2(q +K-c

*
Ua +K-c,)

)
* %) - (- 2 )
U2(q + K - 02) - Uz(K) U2(q + K - 02)

*
and p is easily shown to grow with K.
*

Thus the sign of %% is a priori ambiguous. Remember that for



-32-

K = 0, the level of implementation is suboptimal (as the bargaining
*

scheme satisfies Assumption 9'); if %%— > 0, then a cancellation fee
reduces implementation even more (G(q ) increases). This is the case
for example for a logarithmic U,.

Let us now investigate the effect of a cancellation fee on first-

period investment. Using the envelope theorem, e, 1is given by:

* * oC
-0l o) - vEL(1 - 6la (e, K)))U(a (ep)K) * K - ) a—efl =0 .

Assuming that the second-order condition is satisfied, we obtain:

~ ~

e, I s b o B0
(7.9) 3K vele(a )53 U; %, (1 -6y 5% 5ed -

Note that if U2 is linear, the cancellation fee has no influence
on investment. Assuming now that U, 1is strictly concave, we can
distinguish two terms inside the expectation in (7.9).

(a) The first term corresponds to the change in implementation.

*

If the cancellation fee reduces implementation 2K > 0), it also tends
60

to reduce investment (as 55_ < 0). This is now a usual effect.

1
(b) The second term unambiguously leads to less investment (as

opl >0 —gg <0, U; < 0). The point is that a cancellation fee

increases the price. Therefore it decreases the marginal utility of
income for the firm in case of agreement, and thus reduces the desir-
ability of cost-reducing investment.

Let us now examine the special case of a constant absolute risk
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aversion U,: U2(x) = (6 > 0).

Proposition 7: Under Assumptions 1-8, if the firm makes the

second-period offer and has a constant absolute risk aversion second-
period utility function, its first-period investment decreases with the

cancellation fee.

*
Proof: (7.8) implies that %%— = 0, so that implementation does
not depend on the cancellation fee. The analysis of (7.9) then implies
de
1
that e < 0. Q.E.D.

Example 2: Sponsor Makes Offer

The analysis is a bit more complicated than, but similar to that of
Example 1, and will only be menticned here. It is also possible to show
that, for a given level of cost, the effect of a cancellation fee on
implementation is in general ambiguous. For example if the sponsor is
risk neutral, the level of implementation does not depend on K.
Furthermore, if C, = Gzh(e1) vhere 6, is uniformly distributed, a
strictly risk-averse firm invests strictly less when the cancellation
fee increases by a reasoning similar to the analysis of equation
(7.9).1%/

We have seen that a cancellation fee may well reduce investment in
the relationship contrary to the prevailing opinion on the matter. A
possible solution to this problem is to ensure that the cancellation fee
does not make the firm too demanding in the bargaining process. This is
achieved if the firm receives only a fraction of what the sponsor loses

20/

in case of cancellation. Such agreements however are rarely
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observed, as there is an ex-post common incentive to disguise cancella-

tion in order to avoid an aggregate loss.

9. Cost Overruns

Cost overruns have always been a concern to economists and politi-
cians. Peck and Scherer estimate that for U.S. defense programs devel-
opment costs exceed original predictions by 220% on average; in some
cases costs have exceeded original predictions by as much as 14 times
([1962], pp. 412, 429). More recent estimates in different countries as
well as the recent political debate in the U.S. about the use of mili-
tary spending also indicate that procurement costs are a serious
problem.

An economist's natural analysis of cost overruns is that costs may
be "high" due to agency problems, but that in a Rational Expectations
world they are not unforeseen on average. The study of renegotiation
suggests that high costs result from the related problems of ex-post
bilateral monopoly and underinvestment. But the sponsor ought to anti-

cipate these inefficiencies. So "cost overruns”" may be taken to mean

"agency costs."

The fundamental question about "systematic unforeseen cost over-

runs" is the meaning of original cost estimates, i.e., the level of
commitment attached to these estimates. In particular, what is the

status of an original price estimate when the parties know that the firm
will bear only a small share of overruns, as seems to be the case for

military procurement?
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One hypothesis is that the original price estimate represents only
a lower bound on the transfer in case of implementation. It would be
the equivalent in case of implementation of a cancellation fee in case
of termination. It would then be a minimum commitment from the sponsor.
The sponsor however would not want to commit itself too much as it
usually is fairly difficult to later be reimbursed by the firm (as in
the case in France and in the U.S.). This interpretation is in the

spirit of "redeterminable fixed-price contracts,” in which the partners
negotiate a tentative base price and then, after some share of expected
costs has been incurred, renegotiate a new price. I should add that all
this is pure conjecture as I was not able to find evidence on the degree
of commitment associated with cost estimates.

T also believe that the description of procurement as a two-tier
relationship, if enlightening, is fairly restrictive. If higher-order
hierarchies are considered, the supervisor and the agent may well have
common interests. In the case of military procurement for instance, it
is well-known that the services' (Delegation Generale a 1'Armement in
France or Department of Defense in the U.S.) interests do not coincide
with the nation's. To quote Scherer ([1964], p. 28): "As the advocates
of new programs, government operating agencies have often encouraged
contractors to estimate costs optimistically, recognizing that higher
headquarters might be shocked out of supporting a program whose true
costs were revealed at the outset;"” and Peck-Scherer ([1962], p. 412):

"There is a tacit assumption (between the services and the contractors)

that 'we'll work with this low figure for a while. If the program looks
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good, we can go back later and get an increase.'" This however does not
mean that cost overrruns are unforeseen (except officially) by higher
headquarters or the Congress. One may think of the Government Agency
and the Congress as playing a revelation game with non-identical
preferences (in the style of Crawford-Sobel [1982] and Green-Stokey

[1980]). Such a game typically has many equilibria and can give rise to

phenomena resembling grade (or letters of recommendation) inflation.

10. Related Work

This paper has studied sequential decision-making and investment
in a relationship under full commitment and renegotiation. It is
related to some recent and interesting work in the area.

Baron and Besanko ([1983a], Section 4) study a two-period planning
model in which the firm invests in the relationship. The planner
commits itself to an intertemporal incentive scheme in period one while
the firm's commitment is restricted by its possibly leaving the
relationship at the beginning of period two (second period individual
rationality constraint). This is a model of one-sided commitment. The
emphasis of their paper is different from the one here. They focus on
adverse selection at the start. And incomplete information is only one-
sided as the value of the output/project is common knowledge. An
interesting application of their analysis for my model is that if there
is no initial adverse selection, the firm's sequential individual ratio-
nality constraints (the firm may leave the relationship-- go bankrupt --
at any period) can easily be made non-binding (as long as the firm does

not want to smooth its intertemporal stream of profits): it suffices
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that the firm pays a high enough entry fee and that it thereafter gets
generous transfers that induces it not to renege on the contract. This
shows that the analysis of Section 5 still holds if only one party (the
sponsor) can commit itself fully to an intertemporal mechanism and the
other (the firm) has a restricted commitment in the sense that it can
comply with the mechanism or leave.

Proposition 5 - underinvestment on the relationship - considerably
generalizes previous similar results, in particular that of Grout
(1984). Grout showed in a labor contract framework that the firm
underinvests in capital if it ex-post bargains with the union under
symmetric information and using the Nash bargaining silution.

Crawford [1983b] studies a two-period renegotiation problem. One
of the parties makes a first-period investment; and the two parties
bargain in the second period about the common use of this investment.
The emphasis is not on incentive problems (there is no explicit infor-
mational asymmetry), but on the interference of future individual
rationality constraints or bargaining with the parties’' intertemporal
gsmoothing of income (in the spirit of Holmstrom [1983]). In Crawford's
paper the absence of commitment and capital markets prevents inter-
temporal smoothing of profits and utilities. This affects the inter-
temporal path of marginal utilities of profits and thus the desirabil-
ity of investment. Crawford shows that there is no presumption for
underinvestment. As I ruled out the need for intertemporal smoothing
of income, the Crawford effect did not arise in Section 7 and I did

obtain underinvestment, at least if investment is not observed by the
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sponsor.gl/

The underinvestment result is of course one of the main concerns
of Williamson's [1975] book. Williamson has forcefully argued that
"opportunism" (i.e., renegotiation) is a threat to the accumulation of
specific assets. More recently [1983] he has studied the role of
"hostages" in ensuring a right amount of specific investment. In his
model as in Crawford's, investment can be observed by both parties. The
firm (in my terminology) can either not invest in the relationship and
later use a costly general purpose technology, or invest some fixed and
positive amount in specific skills or machinery. It is assumed that in
a firsf—best world this investment is desirable. Only the "sponsor"'s
ex-post (second period) value is private information; it makes a take-
it-or-leave-it offer to the firm in the second period. Efficiency
arises if the sponsor posts a bond equal to the specific investment and
logses it to the firm if the firm has actually made the investment and
the project is cancelled. So if the specific investment is made, the
firm's second-period income is raised by the amount of the bond, i.e.,
of the investment, in all states of nature (as argued in Section 8 this
property holds for more general bargaining schemes and for bilateral
asymmetric information). Purthermore the level of implementation is
efficient, as it is independent of the size of the bond, and the spon-
sor, who makes the offer, has full information about the firm. Hence
the firm has no incentive not to invest at the first best level.

My conclusion on the role of hostages (cancellation fees) differs

considerably from Williamson's. The main difference is that I posited
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the specific investment is not observable by the sponsor, which, I
argued in Section 4, is a reasonable assumption in a number of
procurement situations. Then the gsize of the hostage cannot depend on
the level of specific investment, which suppresses the channel through
which a hostage gives the right incentive to invest. Indeed I argued
that there is no presumption that hostages encourage specific investment
at all.

When specific investment is observable by the sponsor, then the
two parties can agree in advance on how to share its cost. The hostage
technology is a roundabout way to do so. Under investment observabil-
ity, the main issue is not the financing of the investment cost, but the

determination of its level (see Section 7.
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Appendix I

Characterization of the First Best Policy

* T
Proposition 1: 6t(v,c) =35 > bt(v ,¢') =8 for v' <v and

¢' > ¢ (with one inequality at least).

*
Proof: (i) 6t(v,c) =8 +>v<ce>v <c' and therefore the
planner will not implement.
(i) = 16 Wi denotes the valuation at the beginning of

(t+1), for any realization of n, and 6,
.Wt+1 (Vt+1 (V’nt)’ctﬂ(c’et’et)) > wt+1 (Vt+1 (V ,nt),CtH(C ’et’et))

for any e,.

. - . s
Therefore if max (- e yE(Wt+1|et,v,c)) 0

+ t
mgﬁ (- L YE(Wt+1|et,v ,¢')) <O

and the planner does not want to do R & D either.Q.E.D.

I for v' > v and

n

* %
Proposition 2: 6t(v,c) =1 > ét(v',c')

¢' < ¢ (with one inequality at least).

Proof: Clearly the planner won't stop: v' -c¢' >v-c¢c > 0.

Will he do R & D? If he did, we would have

v-oc>2 mgi [- ey * yE(Wt+1|v,c,et)]

v -¢' < max [- e

+ yE(W,,, v et he)]
t

t
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Let e% denote the optimal R & D investment when the state is

(v',c') at t. We have

(v' =¢') - (v -¢) < Y[E(Wt+1|v',c',e%) - E(Wt+1|v,c,e%)]

To obtain a contradiction, it suffices to show that for any time
s, Ws(v,c) does not increase as fast as v and does not decrease as
fast as c. This is clear at time T: WT(v,c) = max {O,v - c}. At

time (T-1):
WT_1(v,c) =y - ¢ if one implements
WT_1(v,c) = 0 if one stops

WT_1 (V,C) p mgr}r{_1{" eT"1 + E(YWT(VT(VT_1)7CT(CT_1 !eT_1 ))}

oV aET
v < 1 and 5o
-1 -1

the conclusion for (P-1). By induction this is true for all s.

Using the assumption that

< 1, we obtain

Q.E.D.

*
Proposition 3: In the R & D region, e, grows with vy.

*

Proof: The first-order condition for et is
~ R .
oC oW oC
t+1 t+1 t+1
-1+ yB(- Hee% ) YRt By e ) =0
2:‘)et {6t+1—1} act+1 aet {6t+1—R}

where W§+1 denotes the valuation at (t+1) when one decides to do

R&Dat (t+1) (W, =W, 4if & .. =R). In the whole proof we
£+ £+1 £+1 : p
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i 27w
will assume that TS and RS A exist almost surely, which
Ct+1 Ct+1 V4

can easily be proved by backward induction (the valuation function is

not differentiable at the border of the {§ = R} region; but from

*

t+1

Propositions 1 and 2, this border has probability zero at time e
Differentiating the first-order condition with respect to ey and

Vi, We get:

> R ~ ~
[ -] do, + [yB(get T 2y .
t bct+16vt+1 avt bet {6t+1 = R}
. o .
3C,, 4 oW, 44 3, 4
* ol g (U gk ) e
{R>I) t t+1 {s»I} t
. {
oW aC
) (act+1 ai+1>]dvt =0
{S>R} ~Tt#1 t

where the coefficient of de; is negative by Assumption 5, the symbol

f means "integral over (Ot’”t) such that when the investment
{R+I}
increases from e, to (et + det), the decision at time (t+1)
switches from R to I," and similarly for f and / . From
- {81} {S>R}
0C4.1
Propositions 1 and 2 and 5o < 0, we know that these switches are the
t
only possible ones.
Now if we can show that
R
6Wt+1
0 > 5o -1
t+1
()
2..R
oW
o3 T+1
0Cp41 004y
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- ~ *
. 6Vt+1 act+1 ' aet

then using v > 0 and ¥ < 0, we obtain: oy > 0.
t t t

Let us show (I) by backward induction. These conditions clearly
are satisfied at T (Wg = 0). Assume that they hold at (t+1). Let us

show that they then hold at t. First

o R =

R
6Wt 6Ct+1 6Wt+1 6Ct+1 .
s = VB(- o1 & ) * Bl g — 1 & ) using
8¢, ., oW, b
vy <1, 0« ) <1 and O > 55 > -1, we get O > m63-> - 1.
t t+1 %
Next
5 ~ ~
3 (awi) e oot iy Cpag 1 )
h *
6vt bct 6~t+16vt+1 6vt dey {6t+1=R}
~ R i
W oC
t+1 t+1 +
e R GIRe == e | IE az :
{R>I} t t+1 {s+1} t
R o
6Wt+1 6@t+1
* ) Tl
{s>r} %%+ %%
where:
a) |/ denotes the integral over (6, ,, m,,,) such that, when
(R>T) t+1 t+1 ’
the current value increases from v, to (vt + dvt), period (t+1)
decision.switches from R %o I. And similarly for [ and .
OV 41 {s-1} {S»>R}
3v > 0, since only possible switches.

t




- 1<

v

b)

t+1

act+1

t+1
ov

< 0.

~

oC

t+1

dc

t

44—

a2

> 0 and by induction, 3o av
Ciy

R

wt+1

57 < 0 and
17 t+1

QoEoD‘
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Appendix IT

Implementation of the first best.

Proposition 4: Let us construct a series of transfers x; from

the sponsor to the firm and of decisions 6te{S,R,I} so that the cor-
rect amounts of implementation and investment be chosen.
At each period t (until implementation or stopping), the firm

A

announces a current cost Cy and the sponsor announces a current value

A

Vo
* *
Let 6t(vt’ct) and et(vt,ct) denote the optimal decision under

symmetric information and the corresponding optimal investment if

We build a sequential revelation game in which telling the truth
is optimal at each period. If we want to implement the first best, it

must be the case that
~ ~ ~ ~ *A -~
V(vt,ct), 6t(vt,ct) = 6t(vt’ct) .

The transfers we will construct by backward induction look only omne

period back:

~ A A

(Ve vy ey y)
The equilibrium strategies at each instant will be

Spongor: Always tells the truth (whatever the history, i.e.,

whether or not it has told the truth in the past).
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Firm: Always tells the truth and makes optimal investment
*A
et(vt,ct) (whatever the history, i.e., whether or not it has told the

truth and made the optimal effort in the past).
The equilibrium beliefs at each instant t will be:

Sponsor: Always believes that the firm has told the truth and made

the optimal investment given the announcements up to time t.

Pirm: Always believes that the government has told the truth up to

time t.e

Period T: Define

~ ~ ~

R _ Cp a A
XT(VT’CT’VT-1’CT—1) - jo c 35 Pr {VT(VT_1) > clde

A

~

* ~
1-1 (Vg 0q g ))3aV + 2

v
T d = 2
+fo VA Pri{v » CT(CT-1’e i

where zp is a constant. Note that the transfer makes use of probabil-
ity distributions computed under the assumption that the two parties
have told the truth and the firm has made the optimal level of invest-

ment at (T-1).

Claim: Telling the truth at T is an optimal strategy for each

party if the other party tells the truth and has told the truth in the

past.
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Proof: Firm:

Mﬁx {E(XT(VT,CT,VT_1,CT_1)) = cTPr{VT(VT-1) > cT}}
{cT}

The first order condition is:

A d ~ ~ A~ A
(cT = cT)-—r— Pr{VT(VT—1) > CT} =0

dcT
and the second order condition at CT = cT is
4 eV (v, ) > e} €O
~ T T-1 T
dcT

The second order condition is clearly satisfied and the firm's

~

objective function is quasi-concave, as cT = cT is the only solution

to the first order condition. Thus telling the truth is optimal for the

firm.

~ ~ A * ~ A
Sponsor:  Max {vTPr{VT > CT(CT—1’eT-1(VT—1’CT-1))}

()

n EXT(VT’CT’VT—1’CT—1>}

This deserves some comment. The sponsor assumes not only that the

A

firm has told the truth last period (cT_1 = ¢ and tells the truth

T—1)
this period (cT = cT), but also that the firm has made the optimal

* ~ ~
investment eT_1(vT_1,cT_1). We will show later that it is indeed
optimal for the firm to make the right amount of investment given that

it believes that the sponsor tells the truth at each period.
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The first order condition is:

A d, A ~ A * ~ A I
(vT - vT) = Pr{vT > CT(CT-1’eT-1(VT—1’CT-1))} = (@

dvT
and the second order condition at VT = VT is
d ~ ~ A * -~ A
- — Pr{vT > CT(CT-1’eT-1(VT-1’CT—1))} slon .
dvT

Thus the sponsor's objective function at T is gquasi-concave, and

telling the truth is optimal for the sponsor.

Period (T-1)

Sp_1 (Vp_q20q_y
told the truth at (T7-1), if it presumes that the sponsor has told the

Claim: Assume ) = R. Whether or not the firm has

truth (VT_1 = VT_1), it makes the optimal investment:

* A
®p_q T eT-1(VT-1’cT—1) |

Proof: By the envelope theorem, the derivative of the firm's

expected profit at T with respect to cqp is:

= Pr{VT(VT-1) >c.} .

It

It clearly does not depend on what the firm announced at (T-1).
But since the sponsor has told the truth (;T 1= Vo 1), the incentive

to cost reduction is the same as the social incentive. Thus:

% ~

Cpoq eT—1(vT-1’CT—1) : Q.E.D.
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Next define the following valuation functions:

(

() ¢ ) is the firm's expected profit net of

pat*Vpoq?Cmoq 2 Gy

investment at (T-1) given that

(0) the firm's cost is cp_y

A

(1) the sponsor told the truth: ooy = Vg

(2) +the decision is 6 ,( ) = R

Pt Vipotg 2 Cpoy

(3) the firm is about to make investment

* ~
ey (Vp_ysCp_y)

(4) both will tell the truth at time T

(period (T-1) dinvestment enters ®,_3 period (T-1) transfer does

not).

(B) ¢T_1(VT_1,CT_1,VT_1) is the expected profit for the sponsor

at (T-1) given that

(0) the sponsor's valuation is vp_y

(1) the firm told the truth at (T-1): ET_1 =leh s

~

(2) 6T-1("T-1'°T-1)

= R

MRS
(4) both will tell the truth at time T

)

*
(3) the firm makes investment eT_1(

(period (T-1) transfer does not enter ¢T-1)'

Define the following transfer function:



-~ A~ A A c d * .~ A

_ St _
(©)  xp_ (Vg_yrCq_qsVpprCpp) = f5 e 7= Pr{ém-1(vm-1(vT-2)’°) = 1}

a 3 NyE
i {E(@ (V (V ),C,d)1 ~ ~ )} =dc
dc U\ %p_g Voo Voo * i
(0g_4 (Vg (vg_p)ee) = B} g

~

~ A

v
-1 d * o i,
+ jO [V H Pr{éT_,‘ (V,CT_1 (CT—2’eT—2(vT-2,CT-2))) = I}

el ~ ~ % ~ ~
* gy (Blog_ (viCoq_y (oq_preqp (Vg_proq p))sw)

1 * ~ ~

* ~ ~
{874 (viCq_y(eq_yreq o (Vp_prcpp))) = RY |y

T Zp_y

where 2 is a constant and 1 denotes the characteristic func-

T-1 {A}

tion of A.

Sponsor: Assume that the sponsor believes that the firm has told
X* ~ ~
the truth at (T-2), has made investment eT-2(vT-2’ CT-2) and tells
the truth at (T-1).

The first order condition for the sponsor's optimization problem

is:

A d * A ~ _
(D) (vg_y = vp_y) x Pridy_y (Vp_q10p_q) = T
-1
M- {Blog_y (vp_yseq_ oW1 & . . )}
Wy (8p_q (vp_greg ) = B lyey

: - !

e {E(¢T—1(VT—1’CT—1’u)1{6* Gl )=R})} ’
T-1 71 \Vpo10Cpag TR ey
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-~

where the arguments of Cr_y have been omitted for notational simpli-
city.

Clearly ;T—1 = Yoy gatigsfies the FOC. Actually this is the
only value that satisfies the first order condition. The proof of this

fact will be a by-product of the analysis of the second order condition.

The second order condition, which we take at Yoy = vT 1 for the

moment, can be written:

d Sl 7 4 4
(B) - — Pr{&T_1(vT_1,cT_1) = I}

dvT_1

3 a IS ~
= 6;1" ( = E(¢T—1 (VT-1 !CT_1 1u)1 * 2

dvT_1 {&

A N ¢ @ .

-1 (Vg rCp_q )R lu=vy_,

The second term in this inequality can be written

d Iy
~ E((- Y 6v )1 » -~

~ * ~ ~
vy _, -1 {8p_4 (Vg_yicqy) = R and 6p(VpsCq) = T

since, by the envelope theorem,

6¢T_1 6VT

YE 1 -~ o~
dv ov 7 _
-1 -1 {GT(VT,CT) = I}

Thus we have to show that

s v
A E[1 ¥* ~ A~ + Y 6V

dvT_1 {8

(F)

1

21 (Vp_qoCpq) = T}

*(~ ~ |
and &, VT,CT) = I}]

* i ~
T-1 {GT—1(VT-1’°T—1) = R
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i *
When Vin_1 increases, we know from Propositions 1 and 2 that 6T-1 can

only switch from S to I, S to R or R to I. Consider an increase in

A

VT_1:

*
(1) If 6T-1 switches from S to I, the term inside the expecta-

tion in (F) increases by 1.

*
(2) If & switches from R to I, the term inside the expecta-

T-1 -
aV,

tion increases by (at least) (1 -y o L Y > 0 (by Assumption 3).
T-1

*
@) = @ switches from S to R, the term inside the expecta-
T-1

oV
tion increases by O or (Y FES L % @ depending on the realizations

T-1

of the random variables at T.

(4) Lastly, increases (Proposition 3). This effect

Sp_1
increases the probability of implementation at T: the term inside the

6VT

6vT_1

expectation increases by O or (v % s

Thus the expectation can only increase with V- The second order

A

condition is thus satisfied at VT_1 = VT_1.

A

Let us now show that VT_1 = VT_1 is the only value that satisfies

the first order condition. Let A(vy , Vv ,) denote the left-hand side

of (D). We already know that for each v, ., K(VT_1,VT_1) = 0. Differ-

~

entiating (D) gives for each L
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KZ(VT-1’VT—1) - - K1(VT—1’VT-1)'

where ki denotes the partial derivative of A w.r.t. its 1th argu-
ment (in other words this equality does not hold simply at VT_1 = VT_1,

but for all VT-1)' Thus the analysis of the second order condition at

oy = Vp_y 8lso implies that for all (VT_1,VT_1)

x2(VT-1’vT—1) 2% &

Now imagine that there exists VT_1 # VT_1 such that:
K(VT_1,VT_1) = K(VT-1’VT-1) =@,

Then X(GT-1’VT-1) = K(;T-1’;T—1)’ which is inconsistent with A
increasing in its second argument (if A does not strictly increase in
its second argument, it must be that the probability of current or
future implementation is zero, i.e., that we are in the stopping-zone
with probability one. Then a small change in ;T—1 has no effect on
the sponsor's payoff, and thus we already knew directly that the objec-

tive function was locally quasi-concave).

Firm: Assume that the firm believes that the sponsor has told the

truth at (7-2) and tells the truth at (T-1).

The first order condition for the firm's optimization problem at

(T7-1) 1is:
g . -
(eq_y = eq_y) =l Pr{by_y (Vg4 (vp_p)req_q) = T)
c
-1
d ~ ~ ~
L [&(e .
"% = T‘1(VT‘1(VT‘2)’CT'1'd)1{5* (W, (v ,)sc )=R})
-1 -1 Vpo1 /Gy a=c

T-1
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s [E(@T-1(VT—1(VT-2)’CT—1’d)1{6* R )=R})z; .
71 T-1 et Va2 Oy a8,
Clearly CT-1 = cT_1 satisfies the first order condition.
The second order condition at cT_1 can be written:
d e (0 (v, Do =
3 PriSp_y Vo Wp L
T-1
o) d = ~ ..
T 3d 47 [E(QT-1(VT—1(VT-2)’CT-1’d)1{6* (i o O3 0% )R |
T-1 ORI SRR,
“Cr_y
i R
<0
0n_y dC
Now 3o = - YE(ac -1 ) by the envelope theorem. Thus
T-1 T-1 {6T(vT CT) 1}
we want to show that:
ac
d T
(@) E[1 + (v —) 1, .* ~<0 .
i B dc {6, ,=R and 6 =T}
dcT__1 {GT-1 I} T-1 T-1
3¢, aC
Notice that O < (y 3 ) < 1 (Assumption 3), and that does
Cp-1 O

not depend on Co_y (since the investment strategy depends only on the

true cost). When oy increases, we know from propositions 1 and 2

that 6; 1 can only switch from I to R or S or from R to S.
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*
(1) 1If 6T—1 awitches from I to R, the term inside the expecta-

~

oC
tion in (@) decreases by (1 - v =S T)y>0 or 1 depending on the

T-1

realizations of future random variables.

*

(2) Ikt 6T-1 awitches from I to S, the term inside the expecta-

tion decreases by 1.

*
(3) If &, switches from R to S, the term inside the expecta-
aC

tion decreases by (¥ 53:2_) >0 or O.
T-1

Thus the second order condition at cT_1 = cT_1 is satisfied. The

proof that Coq = Cp_q is the only solution to the first order

condition is similar to that for the sponsor.

Induction: The rest of the proof is by backward induction. .To
construct the transfers at time t, it suffices to define the functions
o, and ¢, by backward induction, the same way it was done in (4) and
(B). Equation (C) then gives period t transfer by simply substituting
t for (T-1).

Thus we have shown that we could construct sequential transfers
and a decision rule such that the presumed strategies form a Perfect

Bayesian equilibrium. Q.E.D.
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Footnotes

/4 See, e.g., Marschak and Yahav [1966] and the work of De Groot and
Chernoff on sequential experiments.

2/ See, e.g., Weitzman [1979] and Weitzman-Roberts [1981].

é/ For a static theory of the principal-agent relationship, see, e.g.,

Ross [1973], Mirrlees [1975], Shavell [1979], Holmstrom [1979] and
Grossman-Hart [1983].

74 In fact earlier restrictions on fees and more generally on Multi
Year Procurement have been removed by the 1982 Defense Authoriza-
tion Act.

5/ If e = O, the same analysis holds through, but S will never be
chosen.

6/ pssume for example that vy is drawn from a normal distribution

with mean v (the true value) and variance cg; and that at

each period t > 2, the sponsor observes u, ~ N(v,cz). Then
v /02 + u /02 + ... * U /02 v 1/02 + t/02
_ 170 2 t t+1 _ 0
Vi T 3 2 and —7— = —> 29l
1/0O + eee *+ 1/c & 1/0o + (t+1) /o

1/ See Baron-Myerson [1982], Guesnerie-Laffont [1982], Sappington
[1982] in a static context; Freixas-Guesnerie-Tirole [1982 in a
dynamic context without commitment of the sponsor, Baron-Besanko
[1983a] in a dynamic context with commitment.

§/ On the other hand the firm may have a better idea about the techni-
cal possibilities of the system it is developing. But as long as
the previous arguments hold, the firm still has incomplete informa-
tion about the value of the project for the sponsor.

2/ Tt has some information about it when the contract is signed as
government agencies then check the firm's capacities. This infor-
mation may well deteriorate over time.

19/ Also, according to Scherer, hoarding engineers, technicians,
skilled production workers and administrative personnel not
required on current contracts is useful for winning and executing
future contracts.

11/ T use the same notation for strategies and actions as there is no
possible confusion.
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% ~ ~
The sponsor assumes that the firm invested et_1(vt_1,ct_1) last
period. This belief is Justified below.

The initial contract may still serve as a status-quo point in the
subsequent negotiation.

52(02) in general also depends on the government's beliefs about

e1 (i.e., on the equilibrium 51)- As investment is not observed
by the government, the firm has no way to influence these beliefs,
and therefore I omit the argument e, in the function 52. When
investment is observed (see below), it becomes important to explic-

itly reintroduce this dependence.

For example, when bargaining consists of a sequence of offers and
counteroffers and the cost of bargaining is discounting, a party
will never accept an offer that gives it a negative surplus. Nor
will it in general make an offer that gives it a negative surplus
and that is accepted with some probability.

Assume that the sponsor makes a take-it-or-leave-it offer in the
second period. The sponsor has known value v,.The firm may have

one of two costs ¢, or 52 with 5 < 52 < Ve There are two
investment technologies. The cheap one does not involve any first-
period expense and leads to cost 32. The expensive one costs

e, > 0, and leads to cost ¢ 5 with probability o, and to cost

1
62 with probability (1 - «). Let us assume that

a). v, - ¢, Sa (v2 -c,)

| 'Y

b). r,-%,>a (v2 = 92) - e,

1v

a) say that, if the sponsor knows that the firm has chosen the
expensive technology, he plays "tough" (offers ¢ _, ). b) then
implies that, under investment observability, the optimal level of

investment is ;1 = 0 (cheap technology).

Next agsume that

> e

o). @ (3, -c,) e
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and define x and y by

= ax(v2 -c

x and y belong to (0,1) from a) and c). Assume now that investment
is not observable by the sponsor. The following is then a mixed
strategy equilibrium: the firm chooses the expensive technology
= with probability x, and the cheap ome (e, = 0) with
%bablilty (1 - x) . The sponsor charges <, with prodbability y,
and ¢ , with probability (1-y).

Lastly to check that conditions a), b) and c) are not inconsistent,
take {v2 = 4; c, = 33 c, = 15 a = 1/2; EN= .75},

For example {92 = 1; 52 =25 ¥, =3 52 = 4.5}.
Here I consider only self-inflicted penalties. There is a large
law and economics literature on legal remedies in the event of a
breach of a contract (see, e.g., Shavell [1984]) Some legal
measures for damage--like the reliance measure--require more infor-
mation than is assumed here. The expectation measure resembles a
cancellation fee when the court has the same information ex-post as
the two parties had ex-ante when they signed the contract.

Let TF (resp. f) be the cumulative distribution (resp. density) of
the firm's cost conditional on the firm making its first period

equilibrium investment ey The sponsor chooses q = p - K s0 as

to maximize {(1 - F(q))(-K) + F(q)(v - q - K)}. The optimal
q (v2,K) does not depend on K. Neither does it depend on the

firm's actual investment, which is private information. Second the
firm's equilibrium investment is given by:

* 602
-U1(-e1) —Y ¥ f U2(q (v2)+K—C2)%'1—=O .
Loz ) o) el
2 2
de
Differentiating and using the second-order condition gives 5K—-< 0

(the differentiation must now take into account the effect of e1

*
on q ). To obtain e,, one must solve a fixed point problem: ey
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*
determines F, that determines the ¢ function, which in turn
affects e

This point is made in a somewhat different context by Williamson
who notices that "a king who is known to cherish two daughters
equally and is asked for screening purposes to post a hostage is
better advised to offer the ugly one" ([1983], p. 527).

The interaction between the possibility of bankruptcy, outside
lending and the project is a topic worth studying.
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